We infer that the Alboran Basin, the first western Mediterranean Basin found after crossing Gibraltar, is an orogenic float underlained by a de´ collement system, a multi-layered ductile shear extending from 10 km to between 30 and 40 km below sea level. This float was formed as consequence of the collision of the African-Eurasian plates in the Oligocene-late Miocene. Synchronous with this compression the float experienced basin wide crustal thinning and subsidence about 25 m/year ago by subcrustal processes. Since latest Miocene the float has undergone compression due to the continuous convergence of Eurasia and Africa. The faults created as a result of this compression are dominated by a conjugate system of northeast trending left-lateral and northwest right-lateral strike-slip faults. This deformation is taking place under a simple shear mechanism. Associated with the northwest and northeast lateral faults are zones of compression trending west and east of north extending from the base of the basin's north upper slope to the Alboran Ridge. The initial morphology of the Alboran Ridge on the southern side of the Alboran Basin was due to the construction of a volcanic edifice at the northeast end of the ridge and igneous activity along northeast trending fractures southwest of the edifice. At the northeast end of the Alboran Ridge motion along a right-lateral fault cutting across the ridge led to sediment collapse and the creation of a prominent embayment on the ridge's northwest flank. Deformation is more subdued in the western than in the eastern part of the Alboran Basin, a tectonic style due either to differences in sediment rheology or that the accommodation of the convergence of Africa and Iberia is more diffused and attenuated in the west than in the east.
Introduction
In a previous report (Muñoz et al., in press) we used multibeam echo sounding data supplemented by a few selected high resolution TOPAS seismic reflection profiles to define the geomorphology of the marine Alboran Basin, a structure located within the Alpine orogen off southern Spain and northern Morocco. In the present report we use these data to define the tectonic style of the basin. The Alpine orogen at the southern end of Spain and northern Morocco on which the Alboran Basin is superimposed consists of three Pre-Neogene crustal domains, the external zones (the south-Iberian and Maghrebian passive continental margins) composed of Mesozoic and Tertiary sedimentary rocks, the Flysch Trough Units consisting of nappes of Cretaceous-early Miocene sediments that were deposited on oceanic crust or very thin continental crust, and the Internal or Alboran Domain comprised of metamorphosed Palaeozoic and Mesozoic sediment thrust stack ( Fig. 1 ; Comas et al., 1999) . The thrust sheets of the Alboran Domain were transported outwards onto the passive margins of Iberia and Morocco during the Oligocene and westward from latest Oligocene and early Miocene creating the peripheral Gibraltar Arc thrust belt. The domain underwent approximately 200 km of roughly north-south convergence between the mid-Oligocene and late Miocene and 50 km of northwest-southeast convergence from latest Tortonian (9-8 Ma) to the present (Comas et al., 1999 and references therein) . Synchronous with this shortening of the peripheral belt of the Betic and Rif domains was extension within the Internal Domain, toward the south-southwest in the West Alboran Sub-Basin and toward the southeast in the East Alboran Sub-Basin (Comas et al., 1992) . This extension led to the formation of the Intramontane Basins within the Alboran Domain and the present marine Alboran Basin (Shipboard Scientific Party, 1996) . Comas et al. (1992) inferred that extension took place during latest Aquitanian-Burdigalian, Langhian-Serravalian and Tortonian with the middle Miocene episode leading to the development of major depocenters and the creation of mud diapirs in the West Alboran Sub-Basin.
Extension in the Alboran Domain ended in late Miocene. Since late Tortonian the area has been under compression producing folding, reverse fault inversions of former normal faults and strike-slip faults. This compression ranged from northwest-southeast during late Tortonian, north-south from late Tortonian to middle Pliocene and north-northwest-south-southeast during the rest of the Pliocene and Pleistocene . This tectonic shortening and concomitant progressive emergence of segments of the ancestral Alboran Basin reduced the basin to a 400 Â 200 km low straddling the African and Eurasian plate boundary (Platt and Vissers, 1989) .
Morphology
The area of the Alboran Basin studied during the present investigation extends from 35140 0 N to 36150 0 N and from 2110 0 W to 4140 0 W (Figs. 2-4). Primary basin topographic features include the northern shelf, basin slope and apron, Habibas Escarpment, along the Yussulf Fault, and the Alboran Channel and Ridge. Secondary topography features include the submarine canyons in the basin north slope, the sides of the Alboran Ridge and Trough and Habibas escarpment, gravitational structures, mounds of unknown origin along the base of the northern slope, Miocene volcanic edifices and fault traces (Mun˜oz et al., in press) . The northern shelf is 3-14 km wide with its seaward edge being at a depth of 100 m west of Cabo de Gata and 150-175 m off Cabo de Gata. The 1-4.5 km wide and 47-90 m high upper slope extending to a depth of 150-200 m west of Cabo de Gata and to 400 m off Cabo de Gata has a gradient of 11 to 10-151. The 7.5-19 km wide lower slope west of Almerı´a Bay extends to a depth of 600 m. On the east side of Almerı´a Bay the lower slope is made up of two segments, an upper one extending from a depth of 400-700 m having a declivity of 1-31 and a lower one extending to a depth of 1600 with a gradient that exceeds 241.
The basin apron on the western side of the Alboran Basin extends to a depth of 1500 m from the base of the lower slope, terminates southward on the Albora ridge and has a gradient of 2-11. A low in the western side of the apron, the West Alboran Sub-Basin, is defined by the 1200 m contour. In the center of the Alboran Basin, from 41W to 2145 0 W, the apron is dominated by an east-west trending 6 to 17 m wide over 900 m deep trough that we have tentatively named the Djibouti Trough. South of the trough is the o900 m deep high whose top is dominated by seamounts. We have named this feature the 36110 0 N High (Fig. 2) . The apron on the eastern side of the Alboran Basin is dominated by an over 1950 m deep 30 km wide and 57 km long low, the East Alboran Sub-Basin. The subbasin is flanked on the south by the Habibas Escarpment. On the southern part of the Alboran Basin is the 120 km long 4.5-8 km wide Alboran Ridge with its crest being less than 100 m deep. The ridge extends from Xauen Bank at 411 0 W, 35120 0 N on the southwest to Habibas Escarpment on the northeast. The base of the ridge's northwest side is 1000-1800 m deep, has a gradient of 18-241 and is indented by a 10 km wide northwest trending embayment near 3115 0 W. The ridge's southeast side is linear, has a declivity greater than 241 and its base is at a depth of 1000/1100 m. Northwest of the Alboran Ridge is the Alboran Channel. The northwest side of this low has a relief of 700-900 m, a gradient of 18-241 and has a rough appearance being entrenched by narrow northwest trending gullies. Its floor is irregular characterized by a chain of low relief depressions. Southeast of the Alboran Ridge and Habibas Escarpment is the South Alboran Apron. Within this apron is the South Alboran Sub-Basin, a 6-111 km wide low along the southeast flank of Alboran Ridge. The sub-basin terminates northeastward against the Habibas Escarpment and the o400 m high East and West Cabliers ridges.
Structural setting
The main structural elements of the Alboran Basin, margins, basins and topographic highs, are the creation of Miocene crustal attenuation. The south facing basin margin displays a passive margin structural style consisting of sediment covered blocks that are tilted and faulted downward . The main structural highs in the center of the Alboran Basin are the 36110 0 N High and the Alboran Ridge (Figs. 2-4) . The east-west trending ellipsoid shaped 36110 0 N High, elevated along north and south facing slopes, is made up mostly of Alboran Domain metamorphic rocks whose relief has been accentuated by the emplacement of volcanic edifices. The southwest end of the Alboran Ridge consists of a volcanic core covered by a faulted Pliocene-Quaternary sequence. The volcanic rocks at northeast end of the high lack a significant sediment cover. Between the 36110 0 N High and the Alboran Ridge is the 100 km long and 4.5-8 km wide Alboran Channel. A multi-channel seismic reflection profile recorded by Comas et al. (1995) across the irregular southeast slope of the 36110 0 N High, the northwest side of 
the Alboran Channel, suggests that the country rock on the scarp consists of Alboran Domain (metamorphic basement); possibly pre-rift and syn-rift sediments also may be present along the strike of the scarp. These units are capped in places by Neogene volcanics both of which are covered by a discontinuous thin veneer of Holocene sediments. A profile recorded along the axis of the Alboran Channel by Comas et al. (1995) shows this same basement broken into grabens and half-grabens, probably trending northwest--southeast, underlie the Alboran Channel. The grabens are filled with syn-rift deposits about 1.0 second two-way travel time (1.5 km assuming a velocity of 3 km/s) or less thick truncated by the Messinian unconformity. Above the unconformity is a Pliocene to Pleistocene litho-seismic unit with a maximum thickness of 2 s two way travel time (2 km assuming a velocity of 2 km/s). Differences in elevation between the rifted terrain in the Alboran Channel and that along the southwest side of the 36110 0 N High is due to recent uplift and tilting northward of the high relative to the Alboran Channel.
The rifted tectonic style in the Alboran Channel extends eastward into the East Alboran Sub-Basin to within 27 km of Maimonides Seamount (Comas et al., 1995) . From there to the seamount basement is in the form of a smooth surface platform that slowly rises from a depth of 4-3 s below sea level two way travel time. Maimonides Seamount is located at the crest of a basement fault scarp along which this platform descends eastward to a second platform at a depth of about 5 s below sea level. From there the second platform gradually rises to a depth 3.6 s over a distance of 23 km. At that point basement again drops to 4-5 s below sea level and displays a rifted tectonic style. This rifted terrain extends eastward for a distance of 56 km where it gives way abruptly to the oceanic basement of the South Balearic Basin. The platform segment west of Maimonides Seamount is covered by a hummocky surfaced sequence about 1.0 s thick or 1 km thick assuming a velocity of 2 km/s; reflector M, the Messinian unconformity, is missing in this section (Comas et al., 1995) . The sediment cover in the lower platform east of Maimonides consists of a 1.0-0.6 s thick unit (1.0-0.6 km thick) below Horizon M and 0.6 s thick (0.6 km thick) unit above M. The rifted metamorphic basement east of the lower platform is covered by 0.7 s (1.05 km) of syn-rift sediments, 0-1.2 s (0-1.2 km) of Messinian and older deposits and about 1.0 s (1 km) of post-Messinian sediments. About 1.0-1.5 s (1.0-1.5 km) of pre-Messinian and Messinian sediment and evaporites and 1.0-0.5 s (1.0-0.5 km) of Pliocene-Quaternary deposits cover the South Balearic oceanic basement east of the lower platform (Comas et al., 1995) . A north-south trending multi-channel reflection profile recorded by Watts et al. (1993) shows that the smooth basement in the vicinity of Maimonides Seamount basement extends to the Habibas Escarpment. This suggests that the East Alboran Sub-Basin is underlained by a basement lacking any significant relief. Neither Comas et al. (1995) or Watts et al. (1993) considered the possibility that the smooth basement in the East Alboran Sub-Basin may be volcanics resting on rifted continental basement.
Neotectonics

Compression
The shaded relief map in Fig. 3 , the 3D map in Fig. 4 , their morpho-tectonic interpretation in Fig. 5 in conjunction with high resolution seismic reflection TOPAS profiles allows one to appreciate the extent of linear topographic features and broad rises affecting the sea floor of the Alboran Basin. These features, which are limited to part of the Alboran Basin east of 3140 0 W, have five topographic expressions, broad rises, scarps, narrow linear furrows, a chain of small lenticular lows and a few isolated rectangular depressions. We infer that these features are the expressions of warping, faulting and mass wasting and as these dislocations affect the sea floor they are of recent geologic age. A multi-channel seismic reflection profile described by Vegas et al. (1995, Fig. 5) suggests that basement (Alboran Domain) may be involved in the warping. This profile cuts obliquely across the Djibouti Trough and displays a subdued anticlinal structure at the southwest end of the profile south of Motril and another at the northeast end of the profile southeast of Adra. This last structure we have named the Adra Anticline (Fig. 5) . In their Fig. 5 Vegas et al. (1995) identify basement as the length of the profile suggesting that it is involved in the Motril and Adra anticlines, but examination of their published profile makes such an identification questionable. However, seismic activity in the region (Fig. 5) supports Vegas et al. contention that basement is involved in the formation of the anticlines. As these features have sea floor expression indicates that were formed recently, probably as a result of compression from the northwest during the Plio-Holocene.
Motril Anticline
The more subdued structure, Motril anticline, appears to trend west of north and extends from the base of the upper basin slope at a depth of 200 m to the lower basin apron at a depth of 900 m. Deformation on this structure can be traced to the M reflector (Messinian Unconformity) in the seismic reflection profile described by Vegas et al. (1995) . This structure appears to be part of a tectonic block that Pe´rez-Belzuz (1999) named the Gualchos Block. The block is best developed on the shelf and upper slope whose prominent structure is the Gauchos Fault. Although this fault has not been active since early Pliocene, it was affected by Quaternary tectonism on the Motril Anticline located less than 20 km southeast of the fault (Pe´rez-Belzuz, 1999) . The Motril Anticline trends from N451E to S651W, is asymmetrical in cross-section, is about 20-28 km wide, 45 km long, its crestal zone ranges in depth from 200 to 950 m and plunges southwestward Vega et al. (1982) , Bourgois et al. (1992) , Campos et al. (1992) , Comas et al. (1992) , Rodrı´guez-Ferna´ndez and Martı´n-Penela (1993) , Watts et al. (1993) and Duggen et al. (2004) (Fig. 5) . It narrows southwestward abutting the side of North Herradura Bank.
Syncline
The syncline between the Adra and Motril Anticline is about 30 km long and is convex westward (Figs. 5 and 9 ). The syncline can be traced across the basin apron at a depth of 900 m to the base of the upper slope at a depth of 200 m. It probably extends across the shelf to land as a structural low between Motril and Adra anticlines (Figs. 5 and 9) . Other zones of compression in the Alboran Basin are located southeast and southwest of the SerrataCarboneras Fault (Fig. 5) . Both of these areas are dominated by northwest striking in en echelon faults with the sediments between the faults being tightly folded. Such features are common in strike-slip faults (Wilcox et al., 1973) . This structural domain is discussed below in the section on northwest trending right-lateral faults.
Adra Anticline
The crest of the Adra Anticline off Campo de Dalı´as displays a high level of seismic activity (Fig. 5) . Marı´n-Lechado et al. (2005) stated that this seismicity is concentrated in the upper 10 km and displays a northwest-southeast orientation. In some cases this distribution coincides with Quaternary faults in Campo de Dalı´as. Matı´nez-Dı´az and Herna´ndez-Enrile (1996) , for example, stated that the west of north Adra-Berja fault zone along the west side of the Campo de Dalı´as Basin extends offshore and that the area was affected by two earthquakes in 1993-1994. The one 10 km east of Adra had a magnitude of 5.0 and the one offshore, 30 km southeast from the first one, had a magnitude of 4.9. Projections of the two main shocks and the 350 after shocks onto a structure map of the area by Martı´nez-Dı´az and Herna´ndez-Enrile (2004) suggests that Adra-Berja fault extends onto the offshore Adra Anticline. This cluster of shocks and aftershocks are located in a block, the North-Alboran block, bounded between the northeast-southwest trending Serrata-Carboneras Fault and the east-west Alpujarras Fault (on land, out of our maps) (Martı´nez Dı´az and Herna´ndez-Enrile, 2004 ). In our shaded map (Fig. 3 ) the trace of the Adra Berja Fault on the basin apron may be represented by a shallow northeast trending graben southeast of the Chella-Ane Banks complex. The Adra Anticline also appears to be associated with two S1651E trending seismic zones east of Adra and south of Campo de Dalı´as.
Analyses of the epicenter distribution on the Adra Anticline suggests the presence of a low-angle fault, that the fault has a seafloor expression, that it dips 301 northward and that it bottoms out on the de´collement surface at a depth of 10 km (Marı´n-Lechado et al., 2005) . This fault may be the one propagating northwestward from the moat surrounding Chella Bank or it may be a fault associated with the northwest trending folds northwest of Chella Bank (Fig. 5) . If so then the folds are located in the upper block of the crustal detachment north dipping fault.
The northwest flank of the Adra Anticline as imaged in the multi-channel described by Vegas et al. (1995) indicates that compression affects the Plio-Quaternary sequence indicating its youth. According to Pe´rez-Belzuz (1999) periods of maximum activity in the fold was during early and late Quaternary.
Along the Adra Anticline crest are five seamounts, Chella, Ane and NW on the basin slope, another on the basin apron and a fifth on the northern edge of the 36110 0 N High. Along the southeast side of the anticline is the left-lateral Serrata-Carboneras Fault, northwest aligned lineations that appear to be fractures and a northwest trending right-lateral fault. The anticline terminates southwestward on the gap separating the 36110 0 N High from the basin slope southwest of Cabo de Gata platform and the southern flank of the 36110 0 N (Fig. 2) . Toward the north and northeast the anticline may extend beneath the shelf to the Neogene Campo de Dalı´as Basin. Our study did not extend onto the shelf off Adra, but the geologic map of the Almerı´a-Garrucha-Chella-Los Genoveses continental shelf compiled by Medialdea Vega et al. (1982) shows a zone of normal faults, mainly trending northwestward, extending from the shoreline to the shelf's edge from Adra to Almerı´a.
If the Adra Anticline extends to Campo de Dalı´as it may join there a major anticline (Fig. 5 ) described by Pe´rez-Belzuz (1999) . According to Rodrı´guez-Ferna´ndez and Martı´n-Penela (1993) the anticline in Campo de Dalı´as trends 701N-801E so if Adra anticline does join it, then the structure undergoes a drastic change in trend from northeast to east or the two structures are separated by a fault. The fold in the Campo de Dalı´as Basin affects basement and pre-Messinian sediments with the undisturbed Messinian and Pliocene strata filling the basins on either side of the fold. The fold was formed as consequence of a N-S compression at the end of the Tortonian that uplifted the adjacent sierras (Rodrı´guez-Ferna´ndez and Martı´n-Penela, 1993) . They stated that this compressive event created a trough along the SerrataCarboneras Fault that controlled Messinian sedimentation along the fault.
Faults along the northwest flank of the Adra and Motril anticlines and the syncline between them display morphology of a chain of short linear segments displaced laterally with respect to one another with each segment displays evidence of extension (Figs. 6 and 7). The disconnected depressions are aligned obliquely to the trend of the fold structures and range from narrow linear to elliptical to circular depressions resembling pockmarks creating by gas venting. The three western most fault traces give way northward to north-south graben structures (Fig. 3) . On the easternmost fault trace that can be traced to the Alboran Basin's north slope the linear depressions diverge with one branch trending slightly west of north and the other north and displaying an anastomising pattern resembling a braided stream. Topographically the anastomising features resemble grabens created by gravity-driven gliding and spreading along an evaporite layer deposited over a basement steps in the Ligurian-Provenc -al Basin in the northwest Mediterranean (Maillard et al., 2003) and above salt in the Angolan passive margin (Fort et al., 2004) . Some of the features associated with the northwest flank of Adra Anticline that have seafloor expression were inferred by Comas et al. (1992 Comas et al. ( , 1995 to be the creation of north-south compression that spans until late Pliocene or even now. However, the north, northeast and northwest trends and their association with the fold structures led us also to reject such an origin. We infer that these features are former extensional structures associated with the west to northwest compression that formed the folds and that the structures have undergone inversion due to recent northwest-southeast compression.
At their northern end the structures along the northwest flank of the Adra Anticline give way abruptly to northwest aligned narrow folds and synclines parallel to a northwest right-lateral fault (Fig. 6 ). These folds terminate northwestward on a northeast trending left-lateral fault trace ( Fig. 6) . A seismic reflection profile across this fault by Comas et al. (1992) indicates that motion along the fault is partially transpressive northwestward. Comas et al. (1992) inferred that this compression is due to the inversion of a previous normal fault, an inversion that supposedly took place during a post-rift compressional phase from latest Turonian to Holocene. This deformation supposedly produced folding, strike-slip faulting and inversion of existing normal faults by a roughly north-south compression. However, the northeast trend of the fault suggests that such compression must have been northwestsoutheast, not north-south. Such a trend is supported by earthquake focal mechanisms that indicate that the present day stress field around the Be´tic-Rif cordilleras is compressional from the northwest (Galindo-Zaldı´var et al., 1993) .
The uniqueness of the morphology of the Adra Anticline is clearly imaged by the TOPAS profiles in Figs. 8-12 . The southeast end of Line 150 (Fig. 8) indicates that the fault zone is characterized by a complex geometry of compression and extensional structures. Farther northeast, along Line 149 (Fig. 8) , the fault zone is represented by a V-shaped notch southeast of which is a zone of faulting and compression and Line 151 (Fig. 8) images a faulted fold complex. Line 153, crossing a small seamount at 36120 0 N, shows a normal fault system, the moat surrounding the seamount, and a faulted folded high east of the seamount (Fig. 9) . This folded terrain is within the northwest trending lineations southeast and southwest of the Serrata-Carboneras Fault (Fig. 5) . The most striking features of the zone are those along Lines 157 and 159 (Fig. 9) . At the northwest end of Line 157 is a structural low bordered on the southeast by a structural flat-topped high. Sediments in the structural low consist of two units separated by an unconformity with the sediments below the unconformity being folded. Beyond the high are seven narrow highs and lows that are the creation of extension. Line 159 crossing the north end of the Adra Anticline consists of a northwest structural trough at its northwest end, a folded and faulted broad rise in its center associated with Chella Seamount and the faulted crest of the Adras Anticline at the southeast of the line. Faulting along the profile is dominated by high angle normal faults. A TOPAS profile extending up the crest of the anticline to base of the continental slope (Line 36, Fig. 10 ) and another extending to the moat surrounding Chella Bank (Line 50, Fig. 10 ) demonstrate that this complex terrain of highs and lows along the flank of the Chella Bank also are the creation of extension within the compressional regime that formed the Adras anticline. Lines 146 and 148, on the western edge of the fault zone associated with the Adras Anticline, also demonstrate that the lows are a consequence of a combination of extension associated with the compression that formed the fold (Fig. 11) .
Other zones of compression
Other zones of compression in the Alboran Basin are located southeast and southwest of the Serrata-Carboneras Fault and along the flanks of the Alboran Ridge (Fig. 5) . The areas southeast and southwest of the SerrataCarboneras Fault are dominated by northwest striking en enchelon faults/fractures with the sediments between these structures being tightly folded. Such features are common in strike-slip faults (Wilcox et al., 1973) .
Another area of compression in the Alboran Basin occurs on the northwest side of the Alboran Ridge occurs west of 3115 0 W ( Fig. 14; Campos et al., 1992) . This zone of compression is where a northeast trending left-lateral fault, possible southwest extension of the Serrata-Carboneras Fault, intersects the northwest flank of the Alboran Ridge. At the point of intersection the fault turns southwestward paralleling the northwest flank of the Alboran Ridge.
Multi-channel seismic reflection profiles recorded by Bourgois et al. (1992) indicate that compression of the sediment apron on the northwest flank of the Alboran Ridge extends southwest of 3150 0 W. Whereas the northwest side of the Alboran Ridge only displays evidence of compression west of 3115 0 W, deformation appears to be present in the length of the ridge's southeast flank. A multichannel seismic reflection profile obtained by Watts et al. (1993) images a zone of compression about 4.5 km from the base of the Alboran Ridge (Fig. 14) . This deformed section near 3120 0 W is at the distal end of a fan-shaped sediment wedge onlapping the southeast side of the Alboran Ridge. Watts et al. (1993) stated that GLORIA side-scan data indicates that this 5 km wide zone extends 50 km laterally on either side of their multi-channel seismic reflection line and that it appears to be related to left-lateral transpression. We, however, infer that this fault, like all faults trending approximately east-west in the Alboran Basin are right-lateral (see Section 6) as are the faults trending northwest-southeast.
Faults
East-west faults
The linear traces having seafloor expression that we infer to represent recent faults display four trends: eastwest, east of north, northeast and northwest (Fig. 5 ). An example of faults trending roughly east-west is the dislocation along the north shelf's edge (Fig. 5) , a fault whose continuity is disrupted by northwest right-lateral strike-slip faults. Some of the strike-slip structures extend across the shelf onto the coastal zone. If they extend beyond the upper basin slope to the apron they have no topographic expression. These secondary faults have led to the creation of spur-like projections along the shelf's edge (Fig. 2) . Also associated with the master fault along the shelf's edge are northeast trending and northwest trending normal faults. Such structures in echelon arrangement are typical of shear (Sylvester, 1988) with their orientation indicating that the fault along the shelf's edge is rightlateral. Motion along the shelf's edge fault includes vertical motion leading to the formation of the 32-157 m high upper slope with a vertical gradient as high as 141 and the slumps along the base of the slope at 3108 0 W and 3106 0 W (Fig. 13) .
North of east
The scarps along the sides of the Alboran Channel and the Alboran Ridge represent north of east faults (Figs.  2-5) . Bourgois et al. (1992) and Campos et al. (1992) suggested that the scarps on the sides of the Alboran Ridge were transpressive right-lateral strike-slip faults and that they were associated with the uplift of the ridge. In contrast, Maldonado et al. (1992) and Woodside and Maldonado (1992) inferred that the fault along the northwest side of the Alboran Ridge is left-lateral and may be an offshore extension of the left-lateral Jebha Fault separating the External and Internal Riftian Systems in the Rif Cordillera in northern Morocco. They further speculated that the fault along the northwest side of the Alboran Ridge was connected to the southern end of the SerrataCarboneras Fault via east of north trending left-lateral fault near 2145 0 W. Our multi-beam data may support such a link. The Serrata-Carboneras Fault appears to terminate against a northwest trending fault system and south of this fault is another left-lateral fault that merges with the northwest scarp of the Alboran Ridge (Fig. 5) . Woodside and Maldonado (1992) also suggested that motion along the transpressional left-lateral fault on the northwest side of the Alboran Ridge has been active since late Miocene. They and Campos et al. (1992) concluded that motion along a north-northwest dipping plane resulted in an uplift of 750 m of the Alboran Ridge with respect to the Alboran Channel. Morel and Meghraoui (1996) proposed that the sides of the Alboran ridge are related to thrust faults with the southeastern one coinciding with the inland left-lateral Jebha Fault. In contrast, Bourgois et al. (1992) supposed that the fault on the southeast of the Alboran Ridge is not connected with Jebha Fault in northern Morocco, but instead appears to be connected with a mud diapir zone in the West Alboran Sub-Basin. As proposed by them the Alboran Ridge scarps are right-lateral faults and the mud diapiric west Alboran Sub-Basin basin is a pull-apart or mega-tension gash. In contrast, Comas et al. (1992) suggested that the Alboran Ridge is bound by extensional faults and that the ridge represents a horst. Watts et al. (1993, Fig. 12) found no evidence of compression in a multi-channel seismic line crossing the northwest scarp of the Alboran Ridge in the vicinity of Alboran Island. According to Watts et al. (1993) the seismic reflection pattern displayed by this line could be explained by normal faulting with the downthrown on the northwest side. Woodside and Maldonado (1992) also speculated that at least one active right-lateral fault cuts the Alboran Ridge in a west-northwest-east-southeast direction. The multibeam data does image a northwest trending an embayment on the northwest side of the Alboran Ridge near 3110 0 W (Fig. 14) . This embayment with dimension of 40 Â 40 km extends to the axis of the Alboran Ridge. Our multi-beam data indicates that a network of widely spaced fractures trending northwest, northeast and east-west disrupts the sediments in the embayment. We infer that this fracture network is the consequence of collapse of the sediment apron triggered by motion along the northwest trending fault cutting across the Alboran Ridge described by Woodside and Maldonado (1992) .
Our multi-beam data (Fig. 14) indicate that the creation of the ridge is more complex than previously proposed. These data suggest that the wide area of the ridge east of 3105 0 W is a volcanic structure and that this volcanic edifice becomes larger northeastward. This increase in size suggests that igneous activity propagated northeastward along fractures to at least 35140 0 N. West of 3105 0 W the Alboran Ridge consists of a narrow igneous ridge mantled by sediments on its northwest side dipping way from the high. Part of this sediment blanket has been displaced northward creating the broad embayment at 3110 0 W. Thus, the evolution of the Alboran Ridge involves volcanic construction at its northeast end along one or more northeast trending fractures and propagation of igneous activity along fracture zones and partial burial of the igneous features. This was followed by a period of compression and uplift of the ridge along a right-lateral on the southeast side of the ridge and a left-lateral on the northwest side of the ridge west of 3115 0 W.
Northeast faults
A northeast trending left-lateral fault cuts across the western end of the 36110 0 N High and the Alboran Channel merging with the scarp along the northwest side of the Alboran Ridge near 3130 0 W (Figs. 2, 5 and 14) . It is at this junction that the sediments onlapping the northwest flank of the Alboran Ridge display evidence of compression (Figs. 3, 4, 5, 14; Campos et al., 1992) . This fault crosses obliquely across the 36110 0 N High east of Djibouti Bank apparently terminating on a northwest right-lateral fault (Fig. 5) . The northeast trending Serrata-Carboneras left-lateral fault, north of the right-lateral fault, may be a possible northeast extension of this fault. A northeast left-lateral fault, fragmented by northwest trending right-lateral faults, also occurs on the basin apron west of the Adra Anticline (Fig. 13) .
Other examples of northeast trending left-lateral faults are the Palomares and the Serrata-Carboneras faults (Figs. 5) . North of 37110 0 N the Palomares Fault is aligned with the coast north of Cabo de Gata and from 37110 0 N to 36150 0 N is represented by a subsurface east facing scarp beneath the mid-shelf (Medialdea Vega et al., 1982) . From 36150 0 N to 36132 0 N the Palomares Fault is along the east side of the platform off Cabo de Gata. South of the platform the fault trace is unmapable as there is no topographic feature on the Alboran Basin slope that could be attributed to any structural dislocation associated with this fault.
On land the Serrata-Carboneras left-lateral fault along the west side of Sierra de Gata, a Neogene volcanic high, has a length of 50 km, a width of 15 km and has displacement of 25-40 km (Montenet et al., 1987; Keller et al., 1995; Rodrı´guez-Ferna´ndez et al., 1999 , 2000 Faulkner et al., 2003) . Northeastward the fault terminates against the north-northeast trending left-lateral Palomares Fault. It was lateral motion along the Serrata-Carboneras Fault that supposedly transported the Neogene Cabo de Gata volcanic block northeastward and brought it in contact with Neogene intramontane basin sediments and the Alboran Domain rocks (Hoernle et al., 2003) . Bell et al. (1997) stated that motion along the Serrata-Carboneras Fault during the last 100 ka has been one of uplift, not lateral motion, and that this uplift has been in the order of 0.05-0.1 mm/year. Rodrı´guez-Ferna´ndez et al. (2000) inferred that from the Messinian to late Pliocene the Serrata-Carboneras Fault Zone on land bound a subsiding trough and that this trough was deformed in the Pliocene to form the Serrata horst, a volcanic high, rising 350 m above sea level. Movement along the branch of the fault northwest of the Serrata horst has led to 100-115 m left-lateral displacement and formation of pressure ridges cored with Pliocene sediments (Boorsma, 1992) . The fault branch southeast of the Serrata block becomes obscured and is replaced by a set of parallel penetrative faults that Boorsma (1992) interpreted as Y shears or shears with an orientation between Riedel and Y shears. Associated with these faults is the steeping of the sediment strata that Boorsma (1992) stated that their inclination is opposite to the drag expected on the fault from a vertical component of the oblique-slip dislocation. He proposed that the structural features are the result of severe brittle strain at the surface that accommodated the sinistral transcurrent motion of the Serrata-Carboneras Fault.
The fault branches on either side of the Serrata block are represented offshore in the Gulf of Almerı´a by two parallel northeast trending faults ( Fig. 5 ; Baena et al., 1977) . The northwest fault, Fault A, is still active and can be traced on land, whereas the fault southeast of A, Fault B, is inactive and its landward extension is partly buried by Quaternary sediments. Basement along Fault A is downthrown on the northwest of the Serrata-Carboneras Fault Zone and that the zone is mantled by Messinian sediments with the Pliocene to Holocene sediments sealing the fault being deformed (Rodrı´guez-Ferna´ndez and Martı´n-Penela, 1993). As faulting effects the sea floor it is a clear indication that Fault A is active. North of 36130 0 N the Serrata-Carboneras Fault offshore extension is represented offshore by a groove between two scarps (Profiles 1, 4, 5, 7 and 8, Fig. 15 ). Along Profiles 2, 3 and 7 this grove is subdued indicating that the relief of the fault trace varies along the strike. At the southwest end of the fault, the trace is characterized by two subdued grooves (Faults A and B) separated by a low relief high (Profiles 10 and 11, Fig. 15 ). This high, which dominates most of the fault trace south of 36130 0 N, is too large to be a pressure ridge as such structures tend to be in the order of centimeters to tens of meters long and a few centimeters to a few meters wide (Tchalenko and Ambraseys, 1970) . It is probably a low relief fault-bounded uplifted block (horst) associated with such pressure ridges. This high, which is aligned parallel to the fault trace, is comparable to the several hundred meters high and about 10 km long Serrata block on the fault segment above sea level. Just south of 36130 0 N and east of 2140 0 W the offshore fault segment of the Serrata-Carboneras Fault is displaced southward about 1-2 km and east of 2150 0 W is displaced to the northeast. At its southern end (1985) call horse splays. These features may be related to a slight change in the trend of the fault at 36130 0 N. Hoernle et al. (2003) reported that in their PARA-SOUND investigation of the fault zone they encountered several fault strands some of which are associated with faults, folds and onlap patterns. They further concluded that since faulting propagates to the sea floor faulting must be very recent. In our TOPAS profiles, two of which are displayed in Fig. 16 , the northeast end of the fault trace is an asymmetrical groove bordered on the east by a west facing scarp (Line 34). This scarp appears to be the side of a ridge with a rounded crest and a gentler sloping side on its east. Seismic reflection profiles acquired with a system more powerful than the TOPAS system indicates that the sinistral Serrata-Carboneras Fault system is several km wide displaying negative flower structure patterns with down faulted blocks northwest of the fault trace (Rodrı´guez-Ferna´ndez and Martı´n-Penela, 1993) . The fault system affects basement, the faults branch upward and become simpler with depth and in transverse sections the faults display normal and inverse displacements for the same reflector.
The tributaries draining onto Almerı´a Canyon from the northwest display right-lateral offsets as they cross the Serrata-Carboneras, offsets ranging from o1 km to nearly 3 km (Fig. 17) . Other channels crossing the fault trace show no displacement. We infer from this that this displacement is not structurally controlled as if did it meant that the Serrata-Carboneras changes from left-lateral onshore to right-lateral offshore. We speculate that the channels entering the fault trace flowed southwestward along the fault trace before returning to their original orientation of flow in the manner of deflected streams (Keller and Pinter, 2002) . Thus, they are not offset channels indicating the direction of relative displacement along the fault, but deflected ones. It has been proposed that the geometry of the Almerı´a Canyon, southeast of the Serrata-Carboneras Fault Zone, is in part controlled by north-northwest and northeast faults (Cronin, 1994 (Cronin, , 2000 Cronin et al., 1995) . Such a systems of secondary faults, oversteps, branching and braiding, are fundamental features of strike-slip fault zones and fault systems (Christie-Blick and Biddle, 1985) . Possibly the faults controlling the geometry of Almerı´a Canyon are the creation of the rotation of small blocks trapped between the Serrata-Carboneras and a fault along the basin slope south of Cabo de Gata. Interaction between these blocks produced segments of convergence and divergence. Such interplay between faults is not unrealistic as theoretical studies indicate that strike-slip faults separated by less than twice the depth of faulting display considerable interaction (Christie-Blick and Biddle, 1985). Buforn et al. (1995) have proposed that the Palomares and Serrata-Carboneras faults extend across the Alboran Basin and joined with Agadir-Nekor fault in North Africa. Lo´pez-Ruiz et al. (2002) inferred that the Palomares and the Serrata-Carboneras Faults are parts of a mega-fault, the Trans-Moroccan, Western Mediterranean-European sinistral fault, extending from northern Morocco, through the Alboran Basin, eastern Iberia, Valencia Trough and Lyon Basin, across France and Germany to a NNW extensional zone in northern Europe and North Sea. This mega shear supposedly is due to an increase in the convergence of Africa and Eurasia from latest Miocene to the present. As this north-south compression became more prominent it led to the creation of the mega shear extending from Morocco to northern Europe that flanks a west-directed escaping western Mediterranean block on its east (Lo´pez-Ruiz et al., 2002) . At present, however, is not continuous, but is disrupted by dislocation along the northwest right-lateral fault extending from the Habibas Escarpment to the shelf's edge east of Malaga (Fig. 5) .
Northwest trends: faults and features created by sedimentary processes
A northwest trending right-lateral fault extends from the Habibas Escarpment (Yussuf Fault) across the Alboran Ridge and Alboran Channel to the southern edge of the 36110 0 N High (Fig. 5) . We speculate that this fault may extend across the high and the Alboran Basin apron and slope to join one of the northwest trending faults displacing the shelf's edge (Fig. 5) . The two normal faults described by Watts et al. (1993) from the Alboran Channel may be part of this right-lateral northwest trending fault system. Mauffret et al. (1987) interpreted the depression between the Yusuf Ridge and the Habibas Escarpment (Figs. 4, 5 and 18) as a pull apart basin between two overlapping northwest trending right-lateral strike-slip faults. Although this basin resembles the Elat Trough in the Gulf of Aqaba and the Ridge Basin along the San Andreas Fault it differs from them morphologically (Watts et al., 1993) . The basin at the base of the Habibas is symmetrical in cross-section, whereas those in Elat Trough are asymmetrical reflecting the varying vertical displacement along the two faults. Hoernle et al. (2003) also stated that PARASOUND recording across this basin indicate that the basin is sediment filled, that the northern margin of the basin is characterized by onlap indicating fault activity, and that basin's southern margin appears to be inactive.
Another northwest trending right-lateral fault cutting across the Alboran Channel is associated with the embayment along the northwest flank of the Alboran Ridge. Woodside and Maldonado (1992) speculated this fault cuts across the ridge; possibly a low on the ridge near 3110 0 W defines this cross-cutting shear. Other northwest trending right-lateral faults are present northwest of Chella Bank and along the northwest trend of Algarrobo-Djibouti Seamount chain. If these volcanic edifices were constructed by igneous extrusions along such a fault trace, then this structure is much older than the faults propagating to the sea floor. Other examples of northwest trending faults in the Alboran Basin are the faults displacing the fault along the shelf's edge.
Another system of northwest trending lineation straddle the northwest trending right-lateral fault extending across the Alboran Basin (Fig. 5) (Profiles 142, 144, (149) (150) (151) 153, Figs. 7, 8, 19, 20) . This network consists of steep-sided elongate to ellipsoid shaped parallel channels 9-20 km long, o1-1 km wide and several tens of meters deep whose topographic continuity is disrupted by one circular depression that probably represent a pockmark formed by the expulsion of gas (Figs. 6, 14, 19) . The features southeast of the Serrata-Carboneras Fault extend to the base of the slope descending to the East Alboran sub-basin (Fig. 19) . The channels southwestward of the SerrataCarboneras Fault extend northwestward to crest of the Adra Anticline terminating against the chain of northeast trending linear depressions. Southeastward these features are linked to northwest trending lows cutting across a ridge along the southeast edge of the 36110 0 N High where rocks of the Alboran Domain are exposed. Further west the channels are entrained with a triangular shaped terrain whose boundaries consist of the right-lateral fault displaying horse splays toward the northwest, a ridge of Alboran Domain and northeast trending fracture whose axis consists of a series of narrow depressions and is displaced in a right-lateral sense by the fault (Fig. 19) . The channels parallel the fault and terminate against the fracture. There is no evidence of channelling northwest of the fracture suggesting that the fractures are younger than the channels. We infer that this lineation are not of structural origin as they are parallel the northwest trending strike-slip fault and are oriented nearly at right angles to the northeast trending strike-slip faults. We infer that they were created by submarine sedimentary processes. Their dimensions and orientation oblique to the supposed westerly flowing Mediterranean tend us to eliminate the possibility that they represent furrows (1-150 m wide, 0.5-350 m deep and hundreds of meter long; see Flood, 1983) formed by bottom currents. We propose that they were formed turbidity currents or sheet debris flows that originated along the southeast flank of the Adra Anticline. Those cutting across the Alboran Domain along the southeast edge of the 36110 0 N probably were created by headward erosion and probably represent superposed channels that acquired their courses on sediments resting on the Alboran Domain. The channels later cut through the sediments and transected the buried Alboran Domain acquiring their courses independent of the structure of the Alboran Domain.
Pockmarks and mounds
Pockmarks, circular to ellipsoidal craters, with tens of meters diameter and reliefs of less than 5 m, of unknown origin are found at several sites in the Alboran Basin. We have discovered them on the basin slope off Cabo de Gata and at the apex of Almerı´a Fan (Figs. 5, 6, 17, 19) , the western edges of the Alboran Channel and the 36110 0 N High, in the center of the high, northwest of North Herradura Bank and in the vicinity of Algarrobo Bank. A pockmark was also imaged along the trace of one of the northeast trending fractures in the 36110 0 N High. If the pockmarks are the creation of the seepage of gas and interstitial fluids from the underlying bedrock along the fracture zones, then gas/fluid venting must be a significant factor in the formation the tectonic style of the Alboran Basin.
At In the absence of sampling such an origin for the mounds in the Alboran Basin is geologically viable, but their location on a soft substrate easily penetrable by a low energy TOPAS seismic system led Mun˜oz et al. (in press) to propose that the mounds are the creation of carbonate deposition from the oxidation of methane by bacteria and that the structures are comparable to those described by Camoin et al. (1988) and Canet et al. (2003) . They also suggested that the methane is of thermogenic origin and that it reached the sea floor via seeps along faults at the base of the slope.
Discussion
Tectonic evolution
The morphology of the Alboran Basin consisting of circular highs, linear ridges, broad mid-basin highs parallel and oblique to its axis, an oblique trending basin slope off Cabo de Gata, canyons on the basin north slope and faults and fractures propagating to the sea floor, is the creation of three events. These include a series of convergent episodes prior to mid-Miocene, a series of extensional phases and volcanism in the Miocene, a post-extensional sedimentation phase, and a sedimentation-compressional phase that is still taking place today. The region underwent about 200 km of north-south convergence between the midOligocene and late Miocene and 50 km of northwestsoutheast convergence in late Tortonian (9-8 Ma), north-south from late Tortonian to middle Pliocene and northwest-southeast during the rest of the Pliocene to the present . The features created by the mid-Oligocene to late Miocene compressional phase are deeply buried in most of the basin and are only exposed on Vizconde de Eza Seamount, along the northwest slope of the Alboran Channel and possibly along the base of the Alboran Ridge northeast of 31W. Contemporaneous with this compression were two cycles of crustal extension during the Miocene the cause of which is yet to be resolved. According to Watts et al. (1993) this extension began above sea level as a result of crustal thickening or lithospheric heating and thinning prior to extension. Watts et al. (1993) postulated that crustal attenuation in the Alboran Basin ended by the Messinian and that the Pliocene and post-Pliocene time was dominated by burial of the rifted terrain, gentle subsidence, and extensional, compressional and strike-slip movements.
Martı´nez Dı´az and Herna´ndez-Enrile (2004) proposed that the combined activity of the eastward converging right-lateral motion along the Alpujarras Fault and left-lateral motion along the Serrata-Carboneras Fault (Fig. 21) during the compressional phase led to the westward tectonic escape of pre-existing fault bound blocks squeezed between the two faults. A low velocity layer 10-12 km below sea level facilitated this escape. Martı´nez-Dı´az (2000) further noted that blocks in the area being squeezed by the Alpujarra and Serrata-Carboneras Faults display lateral variations of uplift that are consistent with block motion being controlled by NW-SE trending normal faults.
That present-day plate motions actively deform the basin as postulated by Watts et al. (1993) is verified by the present multi-beam investigation of the Alboran Basin. We propose that the linear features imaged by the shaded relief diagram in Fig. 3 and the 3D diagram in Fig. 4 on the seafloor of the Alboran Basin are due to such plate motions. Whether this deformation is restricted solely to the sediments (thin-skinned tectonics) or involves basement (thick-skinned tectonics) cannot be resolved by our data, but the distribution of earthquake epicenters (Fig. 5) indicates that basement is involved. At the transition between the north and south basin aprons, where sediments are much thinner, the morphology does demonstrate that deformation extends to basement and its volcanic cover. It is here that the topography suggests that deformation as a result of structural inversion led to the exhumation of the Alboran Domain along the southeast side of the 36110 0 N High. It was this deformation that led to the creation of east-west, north of east, northwest and northeast faults and fractures.
Microcontinent or orogenic float
Distribution of sea-floor spreading magnetic anomalies west of Iberia and Africa indicate that Iberia has been moving as part of the Eurasian plate since late Oligocene (Srivastava et al., 1990) . These anomalies indicate that the relative motion between Eurasia and Africa is left-lateral with Iberia moving westward relative to Africa. Whereas the Eurasian-African plate boundary from the MidAtlantic Ridge to the Straits of Gibraltar is well defined, east of the straits this boundary is not. Morel and Meghraoui (1996) inferred that episodes of compression in the Cenozoic have concealed the boundary between the Eurasian and African plates. Morel and Meghraoui (1996) stated that transpression zones along plate boundaries, such as in the Alboran Basin, could result from coeval lateral displacement (simple shear) and compression at right angles to the plate boundary (pure shear) with homogeneous and uniform strain distribution in the deformation zone. Negredo et al. (2002) state that the Alboran Basin has undergone significant transpression and that the western part of the Alboran Basin and surrounding area is being extruded WNW with respect to Iberia. All these factors indicate that the Africa-Eurasian plate boundary in the region is diffused. Vegas et al. (1995) have proposed a model for the Alboran Basin involving the westward translation of the extra-Iberian Alboran Domain microplate between two plates and the squeezing of the microplate between the two converging plates. This has led to the overthrusting and deformation of the microplate's margins with a ramp delineating the boundary between the Variscan crust of the Iberian massif and the orogenic front of the microplate, i.e., the Betic Cordillera. However, we propose that the Alboran Domanian is not a microplate, but an orogenic float formed by continental collision margin deformation. An orogenic float is simply a terrane created by the mechanical separation of sediments and crustal units of different mechanical properties. Oldow et al. (1990) inferred that such a de´collement may occur in the Alboran Basin at a deep crustal level at or near Moho, a broad zone of ductile shear. Epicenter distribution further suggests that such decoupled surfaces also occur at depths of 10 km, 20 km and between 30 and 40 km (Marı´n-Lechado et al., 2005) . Oldow et al. (1990) also stated that the formation of such regional de´collement system resulted in volume problems in continental collisions and one way of disposing the excess basement was by the formation of sub-de´collement root. Gutscher et al. (2002) postulated that Miocene compression and subsequent extension and subsidence of the orogenic floast in the Alboran Basin are due to eastward subduction beneath the Straits of Gibraltar and slab rollback toward the west. According to Vegas et al. (1995) extension of the float is due to expansion, not westward slab roll back, and that this extension terminated when no free face was available in the westward displacement of the Alboran Domain. Another possible explanation for subsidence of the orogenic float is due to the removal of the sub-de´collement root by subcrustal processes, i.e., lithospheric delamination (Platt et al., 2003) . After this collapse the Alboran Basin experienced inversion and coeval compression in latest Miocene as a consequence of the continued NW-SE Eurasian-African plate convergence in a NW-SE direction. We postulate that the Pure shear Simple shear Alboran orogenic float is being squeezed westward and is undergoing counterclock rotation as a result of this northwest-southeast convergence of the Eurasian and African plates. However, as our data is limited to multibeam based sea-floor morphology and high-resolution low penetration seismic reflection profiles we are unable to determine the validity of these various tectonic models. These data do suggest, however, that basin inversion and compression since latest Miocene was under a simple shear domain rather than a pure shear one as we explain below.
Shear domain
The dimensions of the shears in the orogenic float and their pronounced angle to the Alpine orogen and their crisscross pattern led Vegas (1992) , Maldonado et al. (1992) and Zazo et al. (1999) to propose that the fault system in the Alboran Basin is the creation of pure shear (Fig. 22) . One of the major shears of the pure shear regime in the basin is the northeast fault system (Figs. 5, 21, 22) . Among this system is the northeast trending SerrataCarboneras Fault, the Palomares east of Cabo de Gata and the transpressive left-lateral fault south of the Alboran Channel aligned with the northwest slope of the Alboran Ridge at 3130 0 W. The fault system conjugate to the leftlateral shear is the northwest trending faults along the Habibas Escarpment (Yussuf Fault) that extends obliquely across the 36110 0 N High joining one of the northwest trending right-lateral fault on the basin slope east of Malaga. Another right-lateral fault may be expressed by the northwest trend of the Algarrabo-Herradura-Djibouti banks.
We questioned the pure shear model for the origin of the Alboran Basin fault system as it does not explain the north of east right-lateral fault along the southeast side of the Alboran Ridge, the east-west right-lateral fault along the shelf's edge or the east-west right-lateral Alpujarra Fault on land (Stapel et al., 1996) and propose instead that the structures were formed under a simple shear domain. Like us, Boorsma (1992) also inferred that the SerrataCarboneras Fault system is the creation of simple-shear strike-slip deformation. Under a simple shear model the Jebha Fault, Serrata-Carboneras Fault and the Palomares Fault, could be considered antithetic faults to an east-west right-lateral mega fault (Fig. 22) . In this tectonic regime the Adra and Motril anticlines and associated normal faults were the creation of compression and associated extension in the area between the left-lateral northeast trending Serrata-Carboneras Fault and the synthetic northwest trending right-lateral fault extending from Habibas Escarpment to the shelf east of Malaga. In this stress model the shelf's edge east-west trending right-lateral strike-slip faults along the shelf's edge and the Alpujarra (also known as the Gafarillos Fault; Stapel et al., 1996) Fault on land and the east of north right-lateral fault along the southeast side of the Alboran Ridge are secondary synthetic faults.
Like Vegas (1992) we also found an asymmetry in regards to the magnitude of faulting in the Alboran Basin. Whereas the eastern part of the Alboran Basin is disrupted by large strike-slip faults and associated compression, dislocations on the western part of the basin are of limited length. Vegas (1992) suggested that this difference is due to the possibility that the accommodation of the convergence of Africa and Iberia in the west is more diffused and attenuated than in the east. Another possibility is differences in the rheology of the sediments as those in the western part of the Alboran Basin include mud diapirs. For example, Fontas et al. (1985) reported that mud diapirs in the Barbados Ridge in the eastern Caribbean are restricted to thrust folds and are absent from that part of the accretionary wedge where the folds are disrupted by northwest and northeast cross-trends. Apparently, mud diapirism has affected the rheology of the sediments accounting for differences in the nature of deformation from solely thrust faulting to strike-slip failure.
Conclusion
The Alboran Basin, between Spain and Africa east of the Strait of Gibraltar, may be an orogenic float underlain by a de´collement surface. It was formed as consequence of the collision of the African-Eurasian plates in the Oligocenelate Miocene. Synchronous with this compression the float experienced basin wide crustal extension and subsidence about 25 m/year ago. This crustal thinning was due to either convective removal of subcontinental lithosphere or lithospheric delamination. More recently the float has undergone compression due to the continuous convergence of Eurasia and Africa since latest Miocene. The fault system created in the Alboran Basin during this compressional phase is dominated by a northeast trending leftlateral strike-slip fault system, a northwest, east-west and north of east right-lateral system and a northeast zone of compression extending across the basin. They appear to be the creation of simple shear within a regime of northwest-southeast compression and northeast-southwest extension. As a consequence of this transpression the Alboran Ridge, the 36110 0 N High and the northern lower slope and basin apron west of Gulf of Almerı´a were uplifted. This uplift also influenced sedimentary processes in the Alboran Basin from canyon cutting, mass wasting on the basin slopes and the formation of pockmarks and carbonate mounds by the expulsion and oxidation of methane along faults.
